pathologies. [3, [8] [9] [10] In anterolateral approaches, the zona orbicularis is used as a landmark to avoid injury to the branches of the lateral circumflex femoral arteries. Such injuries can disrupt blood flow to the neck and head of the femur. [10] In order to relieve the pain from a symptomatic internal snapping hip, an arthroscopic approach can be pursued after all medical and conservative measures have failed. This procedure uses an anterior portal approach to release the iliopsoas tendon. In order to visualize the tendon, the fibers of the zona orbicularis are used as a landmark. [11, 12] Few studies have focused on the anatomy of the zona orbicularis. [4, 13] Therefore, the purpose of the present research was to study the morphology of the zona orbicularis and its anatomical variation to improve our understanding of its structure.
Materials and Methods
Ten embalmed adult cadavers (four males and six females) underwent dissection of the left and right hip joints using blunt and sharp dissection. Specifically, the dissections focused on observing the morphology and location of the zona orbicularis. The mean (SD) age at death of the specimens was 82.1 (14.5) years with a range from 54 to 98 years.
For anterior dissections, the cadavers were placed supine. The origins of the sartorius, rectus femoris, and pectineus muscles were reflected inferiorly to expose the hip joint. The femoral vessels and nerves were then cut to reach the iliopsoas muscle and tendon, which was removed from the lesser trochanter of the femur to expose the joint capsule. At this point, the iliofemoral ligament and pubofemoral ligament were visible anteriorly.
In the prone position, the gluteus maximus was dissected; the medius and minimus were reflected inferiorly from their insertions on the greater trochanter of the femur. The piriformis, obturator internus, gemelli, quadratus femoris, and obturator externus muscles were cut from their superior attachments to reveal the posterior aspect of the fibrous capsule of the hip joint.
Next, an incision was made spanning medial to lateral along the more proximal and superior aspect of the anterior head of the femur. Care was taken to avoid the neck of the femur. The cut was made deeply in order to separate the femoral head completely from the capsule. Blunt dissection was then used to remove the rest of the capsule inferiorly to expose the zona orbicularis completely. Photographs were taken of the anatomical dissections. A digital caliber was used to measure the length and width of the zona orbicularis. Data were entered into SPSS version 22 for statistical calculations with statistical significance set at p<0.05.
Results
When present anteriorly, many of the inferior fibers of the zona orbicularis were confluent with the fibers of the zona orbicularis. Table 1 shows the measurements of the mean lengths and widths of the zona orbicularis. There were no significant differences between the means of the right and left sides for zona orbicularis length or width. The ranges for width for left and right sides was 3.17-6.32 mm and 2.03-4.61 mm, respectively. The ranges for length for left and right sides was 31.43-70.54 mm and 32.64-44.61 mm, respectively. There was no significant association between age and sex using a Mann-Whitney U test (p>0.05). A paired sample corre- lation demonstrated a statistically significant correlation (r=0.959) between right and left zona orbicularis lengths (p=0.041) (Figures 2 and 3) but no significant correlation between right and left zona orbicularis widths (p>0.05). The zona orbicularis fibers were found to be thicker and more visible along the posterior aspect of the femoral neck.
Discussion
We found a zona orbicularis on all sides and when present anteriorly, many of the inferior fibers of the zona orbicularis were confluent with the fibers of the iliofemoral ligament. The mean length for right sides was 35.95 mm and the mean length for left sides was 43.93 mm. The mean width for right sides was 3.74 mm and the mean width for left sides was 4.4 mm. There were no significant differences between right and left sides for zona orbicularis length or width. There was no significant association between age and sex but a statistically significant correlation (r=0.959) between right and left zona orbicularis lengths (p=0.041). However, there was no significant correlation between right and left zona orbicularis widths (p>0.05). The fibers of the zona orbicularis were found to be thicker and more visible along the posterior aspect of the femoral neck.
Using magnetic resonance arthrography, Malagelada et al. [5] found that the zona orbicularis was absent anteriorly on the majority of sides. Using MRI, it was absent posteriorly on roughly half of sides, absent inferiorly on roughly one third of sides and anteriorly on 8% of sides. Their study also pointed out that the zona orbicularis was often congruent with the periphery of the head of the femur and its narrowest point was at the isthmus of the neck of the femur. Malagelada et al. [5] concluded that the zona orbicularis is most consistently identified when the joint is distended and that it is aligned perpendicular to the long axis of the neck of the femur. These authors also supported the hypothesis that the zona orbicularis functions as a gasket that resists the distraction of the head of the femur and thus contributes to synovial fluid circulation.
Ito et al. [6] hypothesized and then concluded that the zona orbicularis functions in resisting hip distraction. In seven cadaveric hips, in a direction parallel to the body of the femur, the hip joint was distracted. Next, the overlying soft tissues were sequentially dissected: (1) intact specimen (muscle and skin removed), (2) capsule opened, (3) iliofemoral ligament cut, (4) circumferentially capsule incised, (5) partially resected capsule, (6) completely resected capsule, (7) radially incised acetabular labrum, and (8) completely resected acetabular labrum. The reduction of the distraction load was greatest between the partially resected capsule phase and completely resected capsule phase at 1, 3, and 5 mm joint distraction.
Conclusion
Anatomically, the zona orbicularis is a consistent structure of the hip joint capsule. This structure can be seen on high resolution imaging such as MRI and magnetic resonance arthrography. The lengths of this structure may differ between sides although based on our study, there were no differences between left and right sided widths or between sexes or among ages.
